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ABSTRACT 
 
Plastic has, quite literally, become the cornerstone of our society. We make so many 
things from plastic that it is hard to imagine what our lives would be like if it was never 
invented. The value of parameters should be correct and exact so that the good and 
quality of product can be produced. The objective for this project is to study the effects 
of injection parameters which are temperature, pressure and volume to the mechanical 
properties of the injected parts. Besides that, it also to determine the optimum amount of 
pressure, temperature and volume at the injection machine in producing document tray. 
In order to achieve the objectives, the scopes of studies are performed which is the 
study will be using a polymer material which is Samsung Starex® SD-0150GP High 
Impact Grade ABS. Besides that, only pressure, temperature and volume will be varied 
in this study while other parameter for instant clamping unit is fixed constant. The 
project can be divided into 4 stages. Firstly, is the preparation of the material. Then, 
injection moulding machine is used to produce document tray with the parameter that 
control the process which is temperature (220 
o
C, 230 
o
C, 240 
o
C), pressure (1675 bar, 
1700 bar, 1725 bar) and volume (340 cm
3
, 350 cm
3
, 360 cm
3
). There are 27 samples 
produced by using full factorial method. After the samples are produced, there will be 
some testing for the samples such as mechanical testing such as tensile test and hardness 
test and physical testing such as density test. Lastly, analysis to determine the best and 
high quality of the samples was done. All the data obtained can be analyze and evaluate 
to produce the best optimum parameter for the injected part produce. As a result, the 
best injected part produced is sample number 10 which has good properties and 
optimum parameter is temperature at 230 
o
C, pressure at 1675 bar and volume at 340 
cm
3
. It gives the low value of mass, low value of density, high of strength-to-weight 
ratio, high value of maximum strength and high value of hardness. 
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ABSTRAK 
 
Plastik secara amnya telah menjadi landasan dalam masyarakat hari ini. Pelbagai jenis 
barangan yang dihasilkan daripada plastik hari ini sehingga tidak dapat digambarkan 
kehidupan seharian tanpa barangan daripada plastik jika plastik tidak diciptakan. Nilai-
nilai parameter perlulah betul dan tepat supaya produk yang akan dihasilkan akan 
mempunyai kualiti yang tinggi dan bagus. Tujuan projek ini adalah untuk mempelajari 
pengaruh parameter injeksi terhadap suhu, tekanan dan isipadu terhadap sifat mekanikal 
dari produk yang disuntik. Selain itu, ia juga untuk menentukan jumlah optimum suhu, 
tekanan dan isipadu pada mesin injeksi dalam menghasilkan bekas simpanan dokumen. 
Dalam rangka mencapai tujuan, ruang lingkup kajian yang dilakukan dalam kajian ini 
akan menggunakan bahan polimer yang sama iaitu Samsung starex ® SD-0150GP 
Grade High Impact ABS. Selain itu hanya nilai suhu, tekanan dan isipadu akan 
divariasikan dalam kajian ini sedangkan parameter lain seperti unit klem adalah pada 
nilai yang tetap. Penghasilan projek ini dapat dibagi kepada 4 tahap. Pertama, adalah 
persiapan bahan mentah untuk produk suntikan. Kemudian, mesin suntikan acuan 
plastik digunakan untuk menghasilkan bekas simpanan dokumen dengan parameter 
yang diuji iaitu suhu (220 
o
C, 230 
o
C, 240 
o
C), tekanan (1675 bar, 1700 bar, 1725 bar) 
dan isipadu (340 cm
3
, 350 cm
3
, 360 cm
3
). Sebanyak 27 sampel dihasilkan dengan 
menggunakan kaedah pengfaktoran lengkap. Setelah sampel dapat dihasilkan, akan ada 
beberapa ujian untuk sampel seperti ujian mekanikal seperti ujian tarik dan ujian 
kekerasan dan ujian fizikal seperti ujian kepadatan. Selepas itu, analisis untuk 
menentukan kualiti terbaik dan bagus dari sampel dilakukan. Semua data yang 
diperolehi boleh dianalisi dan dinilai untuk menghasilkan parameter optimum yang 
terbaik untuk produk suntikan yang dihasilkan. Sebagai keputusannya, bahagian 
disuntik terbaik yang dihasilkan adalah sampel nombor 10 yang memiliki kulaiti yang 
baik dan parameter yang optimum iaitu pada suhu pada 230 
o
C, tekanan pada 1675 bar 
dan isipadu 340 cm
3
. Ia memberikan nilai jisim yang rendah, nilai kepadatan yang 
rendah, nilai nisbah yang tinggi dalam kekuatan terhadap berat, nilai kekuatan 
maksimum yang tinggi dan nilai kekerasan yang tinggi. 
 
 
 
 
 
 
 
 
 
viii 
 
TABLE OF CONTENTS 
 
COVER PAGE          i 
SUPERVISOR DECLARATION                  ii 
STUDENT DECLARATION                 iii 
DEDICATION                   iv 
ACKNOWLEDGEMENT                   v 
ABSTRACT                    vi 
TABLE OF CONTENTS                viii 
LIST OF FIGURES                   xi 
LIST OF TABLES                 xiii 
LIST OF EQUATION                xiv 
LIST OF SYMBOLS                 xv 
LIST OF ABBREVIATIONS               xvi 
 
CHAPTER 1  INTRODUCTION        
 
1.1   1ntroduction          1 
1.2  Problem Statement          2 
1.3  Objectives of Studies            2 
1.4  Scope of Studies           2 
   
CHAPTER 2  LITERATURE REVIEW       
 
2.1  Introduction           3 
2.2  History of Injection Moulding         3 
2.3  Injection Moulding Machine         5 
  2.3.1 Injection System         6 
  2.3.2 Mold System          8 
  2.3.3 Molded System                10 
    2.3.3.1 Cold runners                           11 
    2.3.3.2 Hot runners                11 
  2.3.4 Cooling Channels                           11 
  2.3.5 Hydraulic System                11 
  2.3.6 Control System                12 
ix 
 
  2.3.7 Clamping System                                     12 
2.4  Injection Process                12 
  2.3.1 Safety Equipment               13 
  2.3.2 Powering Up                         13 
  2.3.3 Process Cycle                14 
2.5  Parameters in Injection moulding process             15 
  2.5.1 Temperature                15 
  2.5.2 Pressure                16 
  2.5.3 Injection Volume               18 
2.5  Material Used                 19 
2.7  Product                             20 
2.8  Thermoplastic Behavior               20
  2.8.1 Ductile Fracture               20 
2.9  Thermoplastic Testing                22 
  2.9.1 Tensile Testing               22 
    2.9.1.1 Ultimate Tensile Strength             22 
    2.9.1.2 Tensile Elongation              22 
    2.9.1.3 Tensile Modulus of Elasticity             23 
  2.9.2 Vickers Hardness Test              23 
 
CHAPTER 3  METHODOLOGY       
 
3.1  Introduction                 25 
3.2  Preparation of the Material               25 
3.3  Producing Document Tray               26 
  3.3.1 Injection Moulding Machine              26 
  3.3.2 Determine the Parameter              27 
  3.3.3 Sample discrepancies               28 
3.4  Testing Method                 30 
  3.4.1 Physical Testing               30 
    3.4.1.1 Density test               31 
  3.4.2 Mechanical Testing               33 
    3.4.2.1 Tensile strength test              33 
    3.4.2.4 Hardness test               36 
3.5  Flow Chart of Experimental Methodology             37 
  
 
x 
 
 
CHAPTER 4  RESULT AND DISCUSSION    
 
4.1  Introduction                 38 
4.2  Preliminary study                38 
4.3  Data collection                 39 
  4.3.1 Sample Labelling               39 
  4.3.2 Density Test Result               40 
  4.3.3 Tensile Test Result               43 
    4.3.3.1 Maximum Strength              44 
    4.3.3.2 Strength-to-Weight Ratio             47 
  4.3.4 Hardness Test Result               49 
4.4   Optimum Parameter                52 
4.5  Summary                               55 
      
CHAPTER 5  CONCLUSION AND FUTURE RECOMMENDATION 
    
5.1  Introduction                 56 
5.4  Conclusion                 56 
5.3   Recommendation                56 
   
REFERENCES                  58 
 
APPENDICES                  
A  Gantt Chart                 60 
B Properties of Abs Polymer               63 
C Specification of Arbug Injection Moulding Machine            64 
D Typical Tensile Strength, Elongation and Tensile Modulus            65 
 of Polymers                  
E Graph of Stress-Strain for Ductile Material             66 
F  Hardness Indenter Ball                67 
G           Stress Strain Curve for Each Sample              68 
    
 
 
xi 
 
LIST OF FIGURES 
 
Figure No.    Title          Page 
 
2.1 Injection moulding machine for thermoplastics               5 
 
2.2 A single screw injection moulding machine                6  
 
2.3  A reciprocating screw                    7  
             
2.4 Nozzle with barrel in processing position and nozzle with barrel      8 
 backed out for purging      
 
2.5   A typical (three-plate) moulding system               9 
 
2.6 A two-plate mold and a three-plate mold             10 
 
2.7 The molded system includes a delivery system and molded parts   10 
 
2.8 Injected part: Document tray               20 
 
2.9 Graph of typical ductility test               21 
 
2.10 Diamond indenter for Vickers hardness test             24 
 
3.1 Samsung Starex® SD-0150GP High Impact Grade ABS           26 
  
3.2 Arbug Injection Moluding Machine              27 
 
3.3 Data generated by Minitab Software              29 
 
3.4 Injected part produced               29 
 
3.4 Samples for density test               31 
 
3.6 Taking the mass reading               32 
 
3.7 Taking the volume reading               33 
 
3.8 Tensile test machine                34 
 
3.9 Tensile test samples                35 
 
3.10 Hardness test machine               36 
 
3.11 Flow chart of the experimental methodology.            37 
 
xii 
 
4.1 Parameter generated by the injection moulding machine           39 
 
4.2 Graph of density value of each sample.             43 
 
4.3 Effect of maximum strength at constant temperature (T=220 
o
C)   45 
 
4.4 Effect of maximum strength at constant temperature (T=230 
o
C)   46 
 
4.5 Effect of maximum strength at constant temperature (T=240 
o
C)   46 
 
4.6 Graph of strength-to-weight ratio for each sample.            49 
  
4.7 Graph of hardness value of each sample             51 
 
4.8 Force flow around a large notch force             53 
 
4.9 Flow around a number of small notches that effect low stress        53 
concentration.     
 
4.10 Vacancies of atomic arrangement              54 
 
4.11 Air traps occur in sample 10 (right and sample 13 (left)           55 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xiii 
 
LIST OF TABLES 
 
Table  No.    Title          Page    
 
3.1 Samples discrepancies              30 
 
4.1 Data of preliminary study for injection moulding process              38 
 
4.2 Sample labeling according to the parameter used                      40 
 
4.3 Density test result                          42 
 
4.4 Tensile test result                          44 
 
4.5 Strength to weight ratio                         48 
 
4.6 Hardness test result                          50 
 
4.7 Properties of best sample                         52 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xiv 
 
LIST OF EQUATION 
 
Equation  No.   Title          Page 
 
1.1 Formula for Vickers number              24 
3.1 Formula for density               32  
4.1 Strength-to-weight ratio              47 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xv 
 
LIST OF SYMBOLS 
 
o
C degree Celsius 
 
cm
3
 centi meter cube 
 
m
3 
meter cube 
 
HV hardness Vickers 
 
g gram 
 
kg  kilogram 
 
gf gram force 
 
MPa mega Pascal 
 
kN kilo Newton 
 
L litre 
 
mL mililitre 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xvi 
 
LIST OF ABBREVIATIONS 
 
ABS Acrylonitrile-Butadiene-Styrene 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 INTRODUCTION 
 
Injection is the most important plastics manufacturing process. Injection 
moulding can be used to form a wide variety of products. It produces such small 
products as bottle tops, children's toys and containers. It is also used to manufacture 
larger items such as dustbins, and milk crates. Complexity is virtually unlimited, sizes 
may range from very small to very large, and excellent control of tolerances is also 
possible. The developing of injection moulding becomes a competition from day to day. 
The process now integrated with computer control make the production better in quality 
and better quality. 
 
In producing product by injection moulding process, the quality of the product is 
very important. The product should be good in physical and mechanical properties in 
order to have a good performance for consumer. Clearly, more manufacturers only care 
about appearance of the product, but to have long usage in term of life of that product, 
the mechanical properties such as tensile strength, hardness also important. Nowadays, 
there are lots methods for manufacturers to test their product so that they will improve 
and produce a better and good quality of product. It is important because of customer 
needs, requirements and expectations change over time besides, the manufacturer also 
have t o win market shares that it will hang longer in the industry. 
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1.2   PROBLEM  STATEMENTS  
 
Numerous variables affect the injection moulding process. In fact, a recent study 
itemized more than 200 different parameters that had direct or indirect effect on the 
process. So there is no preliminary study is conducted prior to the production of 
injection process based on certain parameter which is pressure, temperature and volume. 
  
 For every parameter that will be change, there were always producing a different 
quality of product in terms of properties. Different value of mechanical or physical 
properties found in producing part by using injection machine with different value of 
each parameter. Hence, the result is variety to investigate using a few types of testing 
method by manual calculation or automatically generate by the software. The best 
sample is chosen to determine the optimum parameter which is has high quality in its 
properties.  
 
1.3 OBJECTIVES OF STUDIES 
 
The main objectives for this project are:  
 
i. To study the effects of injection parameters which are temperature, 
pressure and volume to the mechanical properties of the injected parts. 
ii. To determine the optimum amount of pressure, temperature and volume 
at the injection machine in producing document tray. 
 
1.4 SCOPE OF STUDIES 
 
In order to achieve the objectives, the following scopes of studies are performed: 
 
i. The study will be using a polymer material which is Samsung Starex® 
SD-0150GP High Impact Grade ABS. 
ii. Only pressure, temperature and volume will be varied in this study while 
other parameter for instant clamping unit is fixed constant. 
 
   
 
 
 
 
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
This chapter provides a review of the concept of injected parts and methods of 
parts developments. This chapter also relates how parts were produced by using specific 
tools that provided in the laboratory.  Besides that, this chapter also includes the 
information about parameter involves and the material that used in this project. The 
injected parts also are chosen so that the sample can be taken nicely to do some 
analysis. 
 
2.2    HISTORY OF INJECTION MOULDING 
 
Injection is a manufacturing process for producing parts from both thermoplastic 
and thermosetting plastic materials. Material is fed into a heated barrel, mixed, and 
forced into a mold cavity where it cools and hardens to the configuration of the mold 
cavity.
 
After a product is designed, usually by an industrial designer or an engineer, 
molds are made by a mould maker or toolmaker from metal, usually either steel or 
aluminium, and precision-machined to form the features of the desired part. Injection 
moulding is widely used for manufacturing a variety of parts, from the smallest 
component to entire body panels of cars. (Todd, 1994)  
 
An Injection moulding machine, also known as an injection press, is a machine 
for manufacturing plastic products by the injection moulding process. It consists of two 
main parts, an injection unit and a clamping unit. Injection moulding machines can 
fasten the molds in either a horizontal or vertical position. The majority of machines are 
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horizontally oriented, but vertical machines are used in some niche applications such as 
insert moulding, allowing the machine to take advantage of gravity.  
 
The first man-made plastic was invented in Britain in 1851 by Alexander Parkes. 
He publicly demonstrated it at the 1862 International Exhibition in London; calling the 
material he produced "Parkesine." Derived from cellulose, Parkesine could be heated, 
molded, and retain its shape when cooled. It was, however, expensive to produce, prone 
to cracking, and highly flammable. 
 
In 1868, American inventor John Wesley Hyatt developed a plastic material he 
named Celluloid, improving on Parkes' invention so that it could be processed into 
finished form. Together with his brother Isaiah, Hyatt patented the first injection 
moulding machine in 1872. This machine was relatively simple compared to machines 
in use today. It worked like a large hypodermic needle, using a plunger to inject plastic 
through a heated cylinder into a mold. The industry progressed slowly over the years, 
producing products such as collar stays, buttons, and hair combs. (U.S. patent, 1872) 
 
The industry expanded rapidly in the 1940s because World War II created a 
huge demand for inexpensive, mass-produced products. In 1946, American inventor 
James Watson Hendry built the first screw injection machine, which allowed much 
more precise control over the speed of injection and the quality of articles produced. 
This machine also allowed material to be mixed before injection, so that colored or 
recycled plastic could be added to virgin material and mixed thoroughly before being 
injected. Today screw injection machines account for the vast majority of all injection 
machines. In the 1970s, Hendry went on to develop the first gas-assisted injection 
moulding process, which permitted the production of complex, hollow articles that 
cooled quickly. This greatly improved design flexibility as well as the strength and 
finish of manufactured parts while reducing production time, cost, weight and waste. 
 
The plastic injection moulding industry has evolved over the years from 
producing combs and buttons to producing a vast array of products for many industries 
including automotive, medical, aerospace and consumer products. (Douglas, 1996) 
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2.3 INJECTION MOULDING MACHINE 
 
For thermoplastics, the injection moulding machine converts granular or pelleted 
raw plastic into final molded parts via a melt, inject, pack, and cool cycle. A typical 
injection moulding machine consists of the following major components: 
 
i. Injection system  
ii. Hydraulic system  
iii. Mold system  
iv. Clamping system  
v. Control system 
 
 
           
 Figure 2.1: Injection moulding machine for thermoplastics. 
 
For the machine specification, the clamping tonnage and shot size are commonly 
used to quickly identify the size of the injection moulding machine for thermoplastics. 
Other parameters include injection rate, injection pressure, screw design, mold 
thickness, and the distance between tie bars. The major equipment auxiliary to an 
injection moulding machine includes resin dryers, materials-handling equipment, 
granulators, mold-temperature controllers and chillers, part-removal robots, and part-
handling equipment. Injection moulding machines can be generally classified into three 
categories, based on machine function which are:  
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i. General-purpose machines  
ii. Precision, tight-tolerance machines  
iii. High-speed, thin-wall machines 
 
2.3.1 Injection system 
 
The injection system consists of a hopper, a reciprocating screw and barrel 
assembly, and an injection nozzle, as shown in Figure 2.2. This system confines and 
transports the plastic as it progresses through the feeding, compressing, degassing, 
melting, injection, and packing stages. 
 
 
 
Figure 2.2: A single screw injection moulding machine 
 
i. The hopper 
 
 Thermoplastic material is supplied to molders in the form of small 
pellets. The hopper on the injection moulding machine holds these 
pellets. The pellets are gravity-fed from the hopper through the hopper 
throat into the barrel and screw assembly.  
 
ii. The barrel 
 
 As shown in Figure 2.2, the barrel of the injection moulding machine 
supports the reciprocating plasticizing screw. It is heated by the electric 
heater bands.  
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iii. The reciprocating screw  
 
It is used to compress, melt, and convey the material. While the outside 
diameter of the screw remains constant, the depth of the flights on the 
reciprocating screw decreases from the feed zone to the beginning of the 
metering zone. These flights compress the material against the inside 
diameter of the barrel, which creates viscous heat. This shear heat is 
mainly responsible for melting the material. The heater bands outside the 
barrel help maintain the material in the molten state. Typically, a 
moulding machine can have three or more heater bands or zones with 
different temperature settings.  
 
iv. The reciprocating screw consist of three zones which are: 
 the feeding zone  
 the compressing or transition zone  
 the metering zone  
 
 
 
 
Figure 2.3: A reciprocating screw 
v. The nozzle 
 
It connects the barrel to the sprue bushing of the mold and forms a seal 
between the barrel and the mold. The temperature of the nozzle should 
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be set to the material's melt temperature or just below it, depending on 
the recommendation of the material supplier. When the barrel is in its 
full forward processing position, the radius of the nozzle should nest and 
seal in the concave radius in the sprue bushing with a locating ring. 
During purging of the barrel, the barrel backs out from the sprue, so the 
purging compounds can free fall from the nozzle. These two barrel 
positions are illustrated below.  
 
 
 
 
 
 
 
 
Figure 2.4: Nozzle with barrel in processing position (a) and nozzle with barrel backed 
out for purging (b). 
 
Source: Capetronics (2009) 
 
2.3.2 Mold system 
 
The mold system consists of tie bars, stationary and moving platens, as well as 
moulding plates that house the cavity, sprue and runner systems, ejector pins, and 
cooling channels, as shown in Figure 2.5. The mold is essentially a heat exchanger in 
which the molten thermoplastic solidifies to the desired shape and dimensional details 
defined by the cavity.  
 
A mold system is an assembly of platens and moulding plates typically made of 
tool steel. The mold system shapes the plastics inside the mold cavity (or matrix of 
cavities) and ejects the molded part. The stationary platen is attached to the barrel side 
of the machine and is connected to the moving platen by the tie bars. The cavity plate is 
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generally mounted on the stationary platen and houses the injection nozzle. The core 
plate moves with the moving platen guided by the tie bars. Occasionally, the cavity 
plate is mounted to the moving platen and the core plate and a hydraulic knock-out 
(ejector) system is mounted to the stationary platen. (Capetronics, 2009) 
 
 
 
Figure 2.5: A typical (three-plate) moulding system. 
 
i. Two plate mold 
 
The vast majority of molds consist essentially of two halves, as shown 
below. This kind of mold is used for parts that are typically gated on or 
around their edge, with the runner in the same mold plate as the cavity.  
 
ii. Three plate mold 
 
The three-plate mold is typically used for parts that are gated away from 
their edge. The runner is in two plates, separate from the cavity and core, 
as shown in Figure 2.6 below. 
 
